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(57)Abstract: 

Than T °^ E S01 7 VED 1 - T ° Pr ° vide an or ^ anic EL dement which has a performance better 

than before and has a long life, weather resistance, high stability and high efficiency and is of 

bOLUTION. The EL element compr.ses a substrate, a hole filling electrode formed on the 
betwee TtZ TT ™ n %^ ctr °^ and ■ '^cus layer containing orgX^Z^d* 
between these electrodes. Between this luminous layer and the electron filling electrode an 

ZefZf^TI^ tranSp0rti ^ ,a * er is P™<*ed. and between the .urn nous layer and'he 
hole filhng electrode, an .norganic hole filling transporting layer is provided The luminous laver 

faZT^h* ,Um,nous 1 ,a ^ r and * second luminous layer, which have a surfa^TrespeSvely 
IransoorSn^ 6 '^T^ e ' eCtr ° n fil "' ng tra ™*°*"S '-V or the inorganic hole fiTn 
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CH 3 


CH 3 


-o 


CH 3 


CH3 


CH 3 


CH 3 



[0 3 9 6] 



[*8 5] 
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ft&to No. Q 10 CP ^80 



(157 > #12 0 0 1 -2 3 00 8 2 



__ H M h H 

ivb-205 -o ~vo -yo 

H H H H 

IVB-206 

IVB-207 ~Q 

IVB-208 -O -^JO -SjO 

IVB-209 -O "Vh -4y H 

VJJ Oh ^ 

IVB-210 
IVB-211 
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u 






Q 7D 


q80 




CHa 


CH3 


CH3 


CH3 


-o 


CH 3 


CH 3 


CH 3 


CH3 






CH3 


CH3 


CH 3 


-o 


CH 3 




CH3 


CH3 


-o 


CH3 


CH3 


CH 3 


CH 3 


-o 


CH3 




CH 3 


CH 3 


-o 


CH3 


CHa 


CH 3 


CH 3 




CH3 




CH3 


CH3 



10 3 9 71 sse •»«•! 



ft*»No. Q10 Q«> Q30 <^> Q=» qW Q 70 q 80 

^ -0-0 -o -O-O^-o^ 

.vb.213 -o 00 -o-O -O -O -O -o -o 

-o "8 "8 ~o -O -O -O -0 



IVB-217 



■o "^b "^b -0-0-0-0-0 



I0 3 9 8] 



40 [«87] 



(158) 



313 



2001-230082 
314 



^8 7 



it&® No. 



Q 20 



Q 30 



Q 40 



q50 Q» Q70 Cf° 



IVB-218 -O-O 

IVB-219 -O^O 

IVB-220 ~0~0 

IVB-221 -Q-O 

IVB-222 -0"0 

IVB-223 -O 
IVB-224 



IVB-225 ~0~ N 



IVB-226 



-8 "8 



-o-o 
-o-o 



-o -o 



-q -o -o -o 

-o -o -o -o 

-o -o -o -o 

o -o 

-o -o -o -® 



[0 3 9 9] 
g88 



* * 1*8 8] 



it&to No. 



Q 20 



Q 30 



Q 50 Q*> 



q80 



IVB-227 -O ~0~0~0 
IVB-228 

IVB-229 -O C^©~0 
IVB-230 

IVB-231 -0~0 

Q 

IVB-232 

IVB-233 -O-O-O -OO-O 

IVB-234 -OOO 

IVB-235 



-OO-O 



-o 
o 

-oo-o -oo 

-O-O 

Q-O-Q -O-O 
-O-Q-O -OGhQ 



% 



o o 
o o 

o o 
o o 

o o 

o o 

-o -o 



o o 

-o -a 

-o -a 
-o -o 

-o -o 

-o -o 
o o 

o o 
o o 



[0 4 0 Ol 



[*8 9] 



*8 9 



315 



(159) ^120 0 1-2 3 0 08 2 



316 



ft»»Na Q" Q20 Q30 Q 40 qSq q7d g 

,VB - 236 "O -O^K}-<KK^ -Q -O-O-O-O 

'vb-238 -O-GhD -OOO-O -O-O-O-O -CK>Q -Q-O-O^D 
-OQ-OO -D-O-O-O -CK^O -Q-O^-O -Q-o -O-Q 



IVB-239 



[040 1] * * i^ 90] 

«90 fi*& 



ft»»Na O" Q 20 Q 30 Q*° qW q60 q70 qSO 

IVB - 240 -o o-y o-y -o-o -o -o -o 

'vb-241 ^> -^vo -o^s^o -o -o -O -o o 

^ -o -o^g -o -o -o -o -o 

IVB - 243 o -ov -O^h -o -o -O -O -O 

IVB " 244 "° -^Ab -o^o -o -o -o -o -o 

IVB - 246 -o ■ H °^ H -o -o -o -o -o 

™™ O rO -O -O -O -O 



IVB-247 



^0 ^0 



[04 0 2] 



[*9 1] 



317 

09 1 fi«S 
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318 



ft** No. Q 10 Q 20 



H H 



IVB-248 "O ~S" H ~\-H 
hH h h 

IVB-249 -O "VO ~VO 



IVB-252 -O 

IVB-253 -^H "t" 



IVB-254 
IVB-255 



Q 40 




Q 60 


Q 70 


q80 


-o 










-o 


-o 




-o 


-o 




-o 




-o 




-o 






_jf~\ 










-\=/ 




-O 


-o 




o 






-o 


■o 


-o 


-o 


-o. 


-o 


-o 




-o 



[0 4 0 31 

«9 2 




* * [*9 21 








*t#»No. Q 10 


Q 20 


Q 30 q40 qB> 




Q 70 


a 80 



IVB-258 

ivb-257 -o -O-O -OO -O -O -O 

-o ^ -° -o -o 



IVB-258 



H H 

H H 

H H 

H H 

H H 



^ ^> -o -o -o 

ivb-260 -o -o-°-o <y<>-o -o -o -o 

IVB-261 -O -O -O -O H H 

IVB-262 -O ^ ^ -O -O -O 

IVB-263 -O -C^ -O -O -O 



IVB-264 
IVB-265 



-o "8 "8 -o o -o 

-o ^fcb ~ c ^b -o -o -o 



H H 

H H 

H H 

H H 



[0 4 0 4] 



[*9 3] 



(161) 



¥fffl 2001-230082 



3c93 


319 


mm* 
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it&& NO. Q 10 Q20 


Q 30 




Q 60 


Q 60 


Q 70 




IVB-266 
IVB-267 


-Q-O -O 


-o 


-O-O 


-o 
-o 


-o 
-o 


H 
H 


H 
H 


IVB-268 




-o-o 


-o 


-o 


H 


H 


IVB-269 






-o-o 


-o 


-o 


H 


H 


IVB-270 


-o-o <b 




-o-o 


-o 


-o 


H 


H 


IVB-271 




"8 


-o-o 


-o 


-o 


H 


u 

n 


IVB-272 


-o <KS 




-o 


-o 


-o 


H 


H 


IVB-273 










\=/ 


M 


H 


IVB-274 






-o 


-o 




H 


H 


IVB-275 






-o 


-o 




H 


H 



[0 4 0 5] 
^9 4 



it&fy No. 



* * [*9 4] 



q20 



Q30 



a 40 



IVB-276 



IVB-277 



-o 

IVB-27B ~0 
IVB-279 -O-Q 

IVB-280 -O-O 
IVB-281 ~0~0 
IVB-282 -OOO -O-O-O 
IVB-283 -O-O-O 
IVB-284 -O-Q-O Q-O-O 



qso Qea Q 7o Q ao 



-O-O-O 
Q-O-O 



O 
O 

Q-O-O -O 
-O-O-O -O-O 

Q-O-O -O-O 
O-OO -O-O-O 

-oo-o 

Q-o-o -O-O-O 



-o -o 
-o -o 

-o -o 
-o -o 

-o o 

o o 
o o 

o -o 
-o o 



H H 
H H 

H H 

H H 

H H 

H H 

H H 

H H 



[04 0 6] 



[S95] 
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S9 5 



( 162 ) #51200 1-2 3008 2 

322 



it&fo No. 



- Q 10 Q20 Q 30 Q 40 Q50 Q 60 q70 qBO 

-o-o -oooo o-ooo <^o OO h h 

ivb-288 -Q-O-O-O -O-O-O-O -CK)^0 -Q-Q-O-O ~Q ~0 H H 



[04 0 7] * * I* 96 l 

3c 9 6 ■ gX * ; 

ffc^No. Q 10 tfQ Q 30 q<o Q 50 Q 80 Q 70 Q 80 



IVB-289 
IVB-290 



-o ~°^ H "°5 H -o -o -o 

-O -OV -O^h -o -o -o 

-o -o^o -o^jo -o -o -q 

-O^h -o^« -o -o -o 

IVB-295 



IVB-291 

IVB-292 
IVB-293 



H H 

H H 

H H 

H H 

H H 

H H 

H H 



IVB-296 



^0 



[0 4 0 8] 



1*9 7] 



(163) 2001-230082 
323 324 

*9 7 



itGta No. Q 10 Q 20 Q30 

H H „ H 

IVB-298 -O "VO ~\*{? 



IVB-299 



H 

H 



IVB.300 -O ^„ 



IVB-301 
IVB-3G2 
IVB-303 

IVB^04 





Q 60 




Q 70 


Q«0 






-o 


H 


H 


-o 


-o 


-o 


H 


H 


-o 


-o 


-o 


H 


H 


-o 


-o 


-o 


H 


H 


-o 


-o 


-o 


H 


H 


-o 


o 


-o 


H 


H 


-o 


-o 


o 


H 


H 


-o 


-o 


o 


H 


H 



10 4 0 9] 

fz9 8 


* * 1*98] 




ft^ftNa Q 10 Q 20 


o 30 a 40 o 50 q 80 

_ h a 


Q 70 q80 



.vb-306 ^ -oo -o-o -o -yo -yb » 



H H 

»VB-309 -O "O^O -O-O-O -O "VO "VO H 



H 

H 

H 



IVB-308 -O ^ ^ -O ~\0 "VO H H 



H 



IVB-310 

,vB * 311 "° C c -o -vo -vo h 



[0 4 10] 



[*9 9] 



(164) #M 2001-230082 

325 326 
g9 9 g&S 

ftWNb, Q 10 Q 20 Q 30 Q 40 q60 q7D qBO 

-O -O -O-O -Jyo ~VO h h 

IVB-316 -O-O -O-O -M -O-O -VO "VO h h 

.vb^i7 -o-o -o-o-o -o-°-o -o-o -Vo -\o » » 

H H H H 

.vb-318 -o-o ~ hC ^> <yo ~V° ~V° H H 

H H 

ivb-319 -o-O "^b -O-O -yo "VO H H 

.VB-320 -O-O "8 "8 -O-O "VO "VO H H 

IVB-32, -O -0-<J -O-C "° "VO "VO H H 

■VB-322 -O -O-Kg "O^O XO "VO H H 

IVB^23 -O -0-<5 -O-^ -O "VO "VO H H 

IV^324 -Q ""^"^ ~° y ~VO H H 

[0 4 1 11 * * 1*1 0 0] 

jtlOO gj * g . 

H H 



ivb-326 -O OOO OOO -O -S-O "VO H H 

H H 

ivb^26 -o-O -O-O-O ooo -o-o -vo -Vo h h 
ivb-327 -o-o-o -o-o-o -o-o-o -o-o-o -vo "VO h h 

ft h 



[0412] » 5K [*1 0 1] 

$10 1 K«» 



ft^Nft Q 10 ^ Q 40 QS0 Q eo q to q«o 

H H 

ivb-328 -o -o-o-o-o -o-o-o-o o -vo-vo H H 



ivb-328 -O-O -o-O-O-O -O-O-O-O -O-O "VO "VO h h 

H H 

ivb-330 -o-o-o -o-o-o-o -o-o-o-o -o-o-o J vo J yo h h 

H H 

ivb-331-O-O-O-O -o-o-o-o -o-o-o-o -o-o-o-o -vo "VO h h 

H H 



[0 4 13] 



50 1 0 2 1 



(165) <&m 2001-230082 

327 328 

* i o 2 m.&& 



ttfrftNQ. Q 10 tf» Q*> qW qSO Q 8Q ^70 QBC 

'VB-332 HQ <>^ H 0J^ H HQ H „ 

ivb-333 -o -o-vo -o-vo Xo -Co H H 

_^-v_v H ^ ? H h 5 

— • -O -O-^- -o \o -\o H H 

IVB-335 



IVB-336 



-o -o>v -o^h -o -vo -Vo 

H H 

-o -o5jd -o$jo -o -Co -Co h h 

•VB-337 -O -Q^h -O^h h H 

IVB-338 -O -O^O -O^O „ „ 



.va-33, O ^ -O ~VO ~VO H h 



[04141 * * [XI 03] 

mi 0 3 fif*& 



f fc-Mfr No. Q 10 Q 20 

jT- 



"VB-340 -O 

IVB-341 ~VO ~\0 
IVB-342 

'VB-343 -O ^„ ^ H 

IVB-344 -O XjO -5yjQ 

,VB-345 -O Xh -3Lh 
IVB-346 

IVB-347 





Q 40 


Q 50 


Q w 


Q 70 


Q 80 


-© 


H 


H 


H 


H 


-o 


-VO 

H 


HH 


H 


H 


-o 


H 

AO 

H 


H 

H 


H 


H 


o 


H 


H 

-Vo 

H 


H 


H 


-o 


H 


~Vo 

H 


H 


H 


-o 




-Vo 

H 


H 


H 


-o 


H 


H 


H 


H 


-o 


H 

H 


H 

-VO 

H 


H 


H 



[0 4 15] 



[Si 0 4] 



JVB-350 
IVB-361 
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329 330 

&104 B»3E 

tt*»No. q1" q?o Q«° Q 40 Q 50 Q 90 Q 70 Q B ° 

ivb-348 -O -O -O -O "VO "VO "VO "VO 

H H H H H H H H 

ivb-349 -o -o~o -o-o -o -vo -vo -vo ~vo 

o <? <? ^ >° 

,vb3k -o -o-°-o -o-«-o -o "V° ~V° ~V° "V° 
WM » -o "% "\ o "V® V ^V 5 
— -o 5 £ ^ > > 1^ J° 

«~-o "8 "8 ^ I** 1*° ir° 7° 



IVB-357 



[04 16] * * I* 1 0 5 1 

$105 



tt^No. o» tf° Q 80 Q 40 Q 50 Q 80 Q 70 Q 80 

ivb-358 -o-o -o -o -o-o -^o ^vo ^Vo 

ivb-359 -o-o -o~© -oo -o-o -vb -Vb -Vb -Vb 

ivb-36o -o-O -0-°0 -O-o-O -O-O -Vo "VO "VO -vo 

ivb.361 -o-o "^c^ "^c^ -oo -vo "VO "VO "VO 

ivb-362 -O-O -O-O -SrO -vo -vo -vo 

ivb-363 -o-o ~y b -o-o -vo ~vo -vo -Vo 

IVB-364 ~0 ^ ^ ^ "VO VO 

.vb^bs -o -o-<g; "° "V® "VO -vo -vo 



H H H H 

.vb-366 ho -o*^ -o-^J -o -vo -vo Vo -vo 

.VB-367 -O ^°" N: P "° "V 0 

CHa 



[0 4 17] 



[8106] 



( 16? ) 4#Hfl 2001-230082 

331 QQO 

mum 332 

tNrttNO. Q" Q*. p.. <f» Q» Q» Q7. Q.I 

o -o^o -&Ko -o -Jto -Jyo -fo -Ye 

~ -o-°£ ^ V V V> 

«— < -o -c^. -o^ -o -vo -Vo -Vo 



IVB-372 



■V8.373 -O "O^-" -O^-" O -\0 "VO 

^-o -oy -oy ^> ^ -Vo 



H 



[0418] * # [S107] 



tt*»No. Q" Q 80 Q 30 q«o q*> qbo q7 , 

•vb-376 -o -Vh -v„ -o -vo -Vo -vo -vo 
-o £ H -o -Vo -Vo -Vo -Vo 

•vb-380 -VO -VO -O "VO "VO -VO ~VO 

ivb - 381 "° ^ h ^ h -° \° \° "V° ~V° 

■o -Vo -vo -Vo -Vo 



IVB-383 




10 4 19] 



[3tl 0 8] 



333 



£1 0 S 



(168) 
ftt*& 



2001-230082 
334 



ffrMfe No. Q 10 



Q 20 



Q 30 



^40 



Q 50 



^60 



^70 



.vb-334 -Q -GhQ-D-OO-O O -VO^T 0 "^"^ 

,vb-38 6 hCK>Q -o-q-o -ogk> wo -vo V* "\° ~V° 



[0 4 2 0] 
3cl 0 9 



* * [X10 9] 



<t<£» No. Q 10 



Q 20 



q30 



-,40 



QS0 qSO Q n Q<0 



.vb-387 -O -hQ-Q-QO -O^O-O -O "V°"\°"^i^ 

.vb-388 OO <XHDO-<X>&& OO ^"V^'V 0 T° 

.vb-389 -tth® -&&Q-®^DOO-0 -OOO ^^-VC-^ 

.vb-390 <HDOO <HDOO WOO "VO \o \o \o 



[0 4 2 1] ^36Mtcfflv>5/^wyKi0ffSrffi'5^ 

tt. ';7is*f h?tx*y yftflv^ 



[04 2 2] 
Ubl 4 4] 




2RLI 




HI 




[0 4 2 3] 



★ ★ [ftl45] 
.1 




[0 4 2 4] 



50 HC14 6] 



(169) 



335 




2001-230082 
336 

R 3 



[0 4 2 51 



* * [ft 1 4 7 J 

*2 




Rl >=^' Ra nBu j-' R S ^ 



[04 26] 




P + 




* * [ft 1 4 8 ] 



BBr 3 



[0 4 2 7] iB/P^i^^RSIfrSr^i-s^^tt, 




[0 4 2 8] *«WK*J»t5/^U^|Ji^|i, _tfg* 
*#*fc#tt5/l</l^Ji»fr©S-;frfiHto. 0 1~1 

o«*%, $6fc<io. i~5tfi%-eA5rtw* 
[0429] *%w<D%ftmia^ «#©^«e l** 



40 



50 



-2 9 56 95^ #M?2-1 9 1 6 9 4f& 

y v?v^$ft, f y ? y ^R**. * 

/ =*-y- y >rj£&, ^7 X ;/^yv|i|^ ^<>ju^ 
&m»* ?»*i'>®m&m&m\ l ^z£i>iX'*5. 
[0 4 3 0] *»wen. £ttii£m^aAi&i£ttft^ 

M t *-^&Af&£t4ft£-fe t tojg^-Jg tfsrt 



(170) 

337 

^-^i£A^tt{b^* 5 6 0 : 4 0-4 0 : 6 0T?fc 
Sr.<!:7W;£b<. #1^1450 : 5 OggTfcS r i # 

[0 4 3 1] r nfo&^mirzn+'&Xfammtii® io 

t>4<<\ «^-aAt§i2M4fc-3- 
tt^jSSr K-:/L-CJflv v C'bJ:v\ 

[0 4 3 2] $e>^, teom^aA^ttfk-g-^J;^ 20 

[0 4 3 3] roi^ncS-g-MSrEL^lCjiffl-r?)- 

[0 4 3 4] «-&H-e»4, ^+!)7©*S'tV^e#^ 
Tf4@t£f^§B£&WK t t'£ 

tT$-fr-5wi:^-e^5i:i: tic. IS 

>^uxSI*fls:»im^aA, *-A'8EXit>t»*"C*>9 
K-/<y h t UT 2«*%S* K-^-f 

[0 4 3 5] K-/^h©*lry7h7y^tt 
[0 4 3 6] *-^ffiA«l2H±<Oft^t t"C»4. SftV* 



#BH 2001-230082 
338 

[0437] rwS-g-oS^-Jtti. ^MHo^rtyr 
ffjfctt, *-/wffiA*S2H4^«5©4*Jt^. 1/9 9 

-99/1. $5>tClil 0/9 0~9 0/1 0, *SM-»4 
20/80-80/20SI) ifc5J:5Kl~2>-i:rt s 

[0 4 3 8] l^f<OS$li, ^S-SI-WS 

£b<. ft#l$(CI41~8 5nmi1--5^i:* 5 »4t<. 
$ P>(C|i5~6 Onm. #(CI4 5 ~ 5 0nmi-f5 ^ b J& s $f 

[0439] **ji©»j*i!:i4. mwtmmwfcX'Z 

0. 2 Aim 5r®xTV>2)i:. *J8--fc»3te*fe9 . 

[0 4 4 0] X£^<a*#l4#KPS£$:ixfcv^. l 
0" 4 Pa«TWXS«t U S*5§*»40. 0 1 ~ Iran/ 

sec W£k1rZZbiW*M\ *7c. Hffi«fCit»U 
j&Tf-tuf . «-«oj|iBic^*6«»!i s *»1 _ 6 - £ ft Wrf 4 
Lfc9. h©»4-J***»IWUfc9'*"5 
[0 4 4 1] »£«©J&fc#ifc£ UTI4. 

tfcoTtJ:^. -«wttt, ^mik%mm. 

[0 4 4 2] #»930>*r«ELJlHF-tt, -blB5§3t® ir . 

[0 4 4 3] m^jgii^* fc^TU *- 

aA«® (Rltt) wffllciBB-rsri-C. 38?t®^S^ 

[0 4 4 4] U < HiS5«ft<&*&*&«^&A*& 

il»l2/j£M 1 ±fi)c^lC^LT0. 2-4 0 mol% 

$#zitx&f&'<x*BrfL-rz>z b&zv . m^ttAm 



339 

«w»o*t5^ y y v ts wmmnirr** y y h 

MOflELi^lt t**©*««^.a7Jit#i-5* 
W^^ J S!V^<0-Ct*5tEOt<D«t«7tsWh*Sft<, y-* 

[04 4 5] flmo«tt«?&A4|j£J|r±, ^ ©jStt 
L< 14 1 ~ 1 x 1 0" Q • cm, flcixio' 

~ i x i o 1 q • cmTfcSo i8Jfift<D$s$«^aAfgii£ 

[04 4 6] K«ttO*««^ttA*l«JiJ4 % # J u< 
•4^1^t LTtt*iajgc4eV«T, 4:t>#£L<J41 2C 
~4eVT*&oT, #j£L<f4Li, Na, K, Rb. C 

s fciVF r d»e>awis*i5 itt^±(DT/w*y^jg7c 

£fc(4, $f£L<J4Mg, C afciitfS r ;0>£>jIiR 
t<f4La*J4U!Ce^f > Jl^$n5 ia^±^7V^ 

Tffl^5»^ojg^JtJ4ttEt?*>5 0 

S^fKtt&ffcy^AtfSL izO&W.-? y 5 0mol% 30 

[044 7] ««st<o4s«m^aA*iaiJif4, $ h\zm 

2^HTZn, Sn, V, R u . Sm*J:Vlni» 

2^<7?#W*t4, #*L<f±0. 2-4 0 mol% % «t 
9$?£L<I41~2 0 mol%T*fc5 0 
'>/£^it^A«il^iTL, 5 

[0 4 4 8] &t&tii-e»>z>fisitiMwzmn,& m& 

J; 5 , ftAcDfc 
[04 4 9] ±|b* i fiE5>o»ft:«(iie«^*tttijS 

(stoichiometric composition) -Cfc5755, Cl;tt,;$>P># 
^•frLT^fc^fcHWttj* (non-stoichiometry) £ 
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[04 5 0] m&ijLvmmn.T&.tMmmizi*, 

^Wfob LX, H-*»*A*y*;tf*fcfflV»$Ne, Ar, 
Kr, Xe^^^5at%UT^LX^^XhX\>\ 
[04 5 1] fc*5. ffi JgfiiO«|«|«^i£A^i||«^*W 
TOIi LXZ\<7>£ otmtiLXhtU^ ffc 

[0 4 5 2] K«t(tO«E«*^ttA|fciSJitt, at, # 

[04 5 3] «18Sl(04!iail|^aA<ijiSW|g/?i: l-c 
0 »4, $f*t<»40. 2~30nm > #lC0. 2~20nmg 

*##*u\ ®^&aji a* r ^ £ *)M<xt>m<x 

<£ot< 5 0 

[04 54] ±IE(DSiigSi(DlffiaS^aA^i^<7)Kit 

**tLT»4, ^y^tt, mmmtei? <D&n<o9smtf) 

<T>9~¥y h*%mK7,;<yy--r%$,jt*'<y 9iW& 

7c^/<y^i:-t5«^|4, It 1 Aft ktR 2 

[04 5 5] K«0t<O|S««^ttA*(»aSJit^/-«y^tt 
T-^/jfc-f 3*§-£\ X'<yi>tif<n*'<y9#*<nBc.ti\* y 
0. l~lPatf>$&ffltfW*U\, X^yfitfXft, mm 
OX;<y?mmfc®.m£jxZ*m&tfx y #J;Lf4*Ar, 
Ne, Xe, Krf^ttft#5 0 J: 9 N 

[0 4 5 6] ^^^.y^ftt UTI4RF«aS*ffl^fcil5« 

•y^^eoS^Jt LTI4, jfft t<»4RF^^y^-C 

0. l~10W/cn ! ©«BB^»*U<, 

0. 5~ 1 Onm/min , I- 1 ~ 5 nm/min cO^H^5^ff 

[0 4 5 7] i&mtif<Dm&mmb lxk s m (25 
^) -is ox;m&xhz 0 
[0 4 5 8] mm^mAtstmmit. mmim&m*&. 

[0459] mmtm&w,*BLA&mi*> nmt l 

XmitVT-VA (L i.O) , WCJ'WVJ* (Rb 
2O) . (K.O) , K^hyr^A (Na 

^O) . mt-tisy-A (Cs.O) , tfUhpyf^A 
(SrO) , SWt^^'>^A (MgO) , fciVSMfc 
(CaO) 0 1«ifcHt2««±Sr^-f 
-ttf>f4*JS-CfflV>-Ct«tV^L., 2fly±£ig-g-b 

*fc, Z\tXb<Dtj:j)>X'l-±ffll:x hnyfi)^: 
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A. SfeKSMfcy?-** (LiiO) <Offit»iL<> 

Ucv^-eiftfb^tr^^A (Rb 2 o) , i!fci^-t?K{t# y ? 
a (k.o) . *JJ:ifflMfr*- by 9 A (Na a O) 

-emt* \-uV?*?J*ft\ 0 mol%J£A±, Sfc»4BMfc!> 

5 0 mol%W±^ ; t$HTV^wi*W*tV\ 
[0 4 6 0] «HlfftlM£*?&AflN£Mtt< »* b< tt 

sfejE^piku-cWbs/yav (s io») . *sj:tf/*fc 

ttR'fb^^ (GeOi) Sr^-fSo -ti?>li 10 

(stoichiometric composition) tMiR!E"t~5^ ^O-A^ 
£>#'><BffiU ^k^ftii&ffJiflJ* (non-stoichiometr 
y) iftotV'TfciK 

[0 4 6 2 J *fc, *5IW<0«i^igcttfi^aA^l 

O, MgO, CaO, LiiO, RbiO, Ki CK Nai 
O, C Sl O, S i O s » G e Ot Lt\ 20 

8 0-9 9 mol%, 4 "9 »* L < (4 9 0 ~ 9 5 

mol%, 

1 ~ 2 0 mol%, X <9 U * t < (4 5~10 

mol°/cK 

[04 6 3] tS8MMWtm*ttA*WilS0>tt»i: 
(4, $?£L<I40. 1-2^ 4t>£fS L<I40. 3~ 
0. 8nm"C&><5„ 

[0 4 6 4] #3893 W#»EL 31^-14, ±|E» 

©Mfc, *«*-^ttA«l3ail. 30 

[0 4 6 5] r<D45t-, Jh— A'W^ii^^SrWU, ® 

[04 6 6] »* L< tt««^«M«*-^ftA 

eV^±, &£L<I44. 5 ~ 6 eVW&Jg^, #&£*i.fc 40 

tr/4fci4rn5>(oiMt*, aft*. *>f<fc 

TOk^<7)^-fh.^iatl±5r'^ ; t$*'C#ll^^5r 
AMI" SCI .tic 4 9, *— /I'&.AW.&frb&ytmMtoG 

■5 d Bft/fT-©*-/^ 11^ 
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[04 6 7] Hffift©«#&*-^i£A$wi£J!l4, *©}g 
L<tti~i x i o" Q - cm, #tci X 1 0 
'~lxlo'fl • cmT-foSo iSffitn:tf>SS«S*— /I'SA*! 

[0 4 6 8] ±J*»«*mtt, '/Ja^ Vfr^-VJ* 
(S i.-x Ge.) CMCfcl/v-C 

1. 7=gy^2. 2, #£L<I41. 7^ygl. 99 
ffe-So i§5*gft©«m*-/w&A$Bai£S»±fi£#»4, 16 

<t;'ir-f*t?fcK{t;y^T-r>iK-ct>J;<> *:fth<r>mfe 
»«t-et>J:v\ ya»«-nJ:9*#<"Cfe/hS<T't>*- 
^aA«^4<STL-C<5ffl[6l^fo5 0 ^14, #Jx.tf 

[04 6 9] M«tfc<0*M«*-^ttAlfc£Jitt, $ tic 

i^^t-iPx, tt*MSfc4. 5eVW±»^« 

«jSr^i-4rtASif*UV\ tt*M^C4. 5eVW±v 
»iL<»44. 5~6eVcD^:Jl(4, »tL<l4Au, C 
u x Fe, Ni, Ru, Sn, Cr, Ir, Nb, P 
t, W, Mo, Ta, Pd&itfCo^-fax^lS* 

$f*L<»4 0. 2~40 mol%, <fc «9 t < 14 1 ~ 2 
0 mol%-e*>$. ^ft/i^^4«9'>^^i:*-^ttA 

^i 5 teTtT<2>„ 2««±5:0fffl-r6«-g-, ^ttw-gr 

[0 4 7 0] ±E^JS*fc»4^Jg (*&«Sr^tf) <n® 

j«iffi^4i«*-^ffiAii^ t Pl-^fifeLTV^„ 
^■ftti(S[^«>*aSt UTJ4, i§&, 1 ~5nmSaT$)^. 

[04 7 1] i85«6t<Z)*l«l*-^aA^®lcj4, ffi 
r, Kr, Xe4St*-&W-5at%£JlT^U-CV^TfcJ: 
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[0472] ttis, mnmnmmx-^&AmmmsLte 

[0 4 7 3] K»fit©«6«i*-^aA«iaiJiii, ii^r, 
[0474] mmfo<DM®*-/u&A&imm<Dimt l 

Tli,0*L<{±O. 3~1 OOnm, X'Offt. L<»41 
~ 1 0 Own, #C5~3 Onag£tf#$ LV\ iUJgfcttf) 10 

X< 5. 

[0 4 7 5] ±SB£OKjgfet©tea*-/waA©ai^(OSi 

&*izmt¥t&tenmMtftjj&ft tw**. htm, a*. * 
[0476] *»fit©«iai*--^aEA(iiaiji^^ / -«y^ 

[o 4 7 7] *fc, «Ht*-*&Mfti3Mtofttt«ftft 

* -^iZ-Atbrnm ffconj;^. fttttu&ttte*— 

[0 4 7 8] ±J*#©¥J3«/& »*L<li7f-* 

(Si,-, Ge.) O, £*Lfc<tf 
1. 7Sy g 1. 9 9 

x-hz c 

[0479] z<Di.o\z^ mmtem&K-ju&.Ammm 
s x-<D*-»t t emtefra* jt < tr*>-e:$ - t 

SfttLX^Ztz 
*^ttA®SrWf-5^tIi]^o«f^q#^^ L/5> 50 
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[0 4 8 0] »*©^*4S:*i-ytt. ±EM^ffli: 
'fotV>MJ;< > 1. 7W±T'feoTl. 9 9 81TT* 

$?£L<lil. 8 5.&LLT-&0T 1. 98«T-C*5„ 

[04 8 i] *H«6tra*-/H£A*tei«w:, mt^-i 
mxi>mk<y'\>"?-'}j>x*h£<. ztit><Dm>&mmx 

5. #*L< 14x140. 4«T\ ±!3#£1,<I4 

0. 3«T, #IC0. 2«-rc*>3£*j&s#*U\, 
[0 4 8 2] &5VM4, xl4#$L<(40. 6«±, £ 
9#£L<I40. 7«±. fcfco. 8«±T*5oTti 

[0 4 8 3] ±E»*©^*»4 % 7*- KftJHR 

[0484] aS«H6«t*-^aAtt*Jltt, ffJL< 
tt^lCCu, Fe, Ni, Ru, S n & 4 u <£>V> 
T 1 «£Lk£#;fr1-3 0 fft, Cu, Ni. S 

L < tt 1 0 at%«T» J: 9 »* L < 14 
0. 05~10at% x &b\Z(t0. l~10at%, 
0. 5~5at%T-$>5„ ^W*^ - ftfcjg*.*, 

[0 4 8 5] SS«f6^tt^-/paA«iitlSfC«, te(c x 
^♦fiWiUT, ^'/^^CIl^Ne. Ar, K 
r, Xe^Sr^i L<J4^fH 0at%^T, <fc">#£L 
<I40. 0 1~2S1%, #|C0. 05-1. 5R»% 

sft^*UTv^Tfcj:v^ iixp>©7c*iiia-et>2a 
£v&£i£iz&mxhz a 

[0 4 8 6] Ztlt><D5Z%nxs<*,ptfx ± LT{£ffl$ 

jx, MwiftwjfeTh-^aAttsjiiatti^icaAi-s. r 

[0 4 8 7] ^PfCDJlTl 
W*L<, *^W(CI4, lPa«T, #(C0. l~lPa 

[0 4 8 8] /£43 % ^-^ttAJi^co^ffli: urr 



345 

mm jra«#i*:/T-e*6i*tf»*L 
[0 4 8 9] ^^tt^-^aAiwi^sii, aft, # 

[o 4 9 ol «^*6^tt*-^aAHi^^Wt 

J4, tflCfrJISte&VvS 5 , 0. 0 5~10nm, ^Id 1 ~ 5 

[0491] iieco^^ttm^aAfii^s. 

[0 4 9 2] «$m^ffiA$ai£Jl<a± 

roffi^^-fr-ctt, i£ft*M»-r-m^aAtt**t-cv^ 

•S&^&V-fcft, iftl;:pg£$*lS&gt4&< , aft© 

£<D&X\ Al, Ag, In, Ti, Cu, Au, M 
o, W, Pt, PdfcilWi, tttAl, AgA^I 

[049 3] ztibmnmmmomiste. n+zmmm 

$£-f*U4&<, 50nmgA±, #*L<»41 0 0nm^± 

ri*, iiftKJ¥»45 0~5 0 OrmmMt-mti * 
*5, &*«Mj&»e>*3^*»9U+»frKi4» BSJ5I45 
0-3 0 OnmgS^0* tV\ 

[0494] *3S9!<0:fr$E Liif^tt, ±!EM*8S^& 

fc<7?£fflV^t> <fc<<\ #R(4, K, Li, Na, Mg, 
La, Ce, Ca, Sr, Ba, Sn, Zn, Z r 
&«te^¥^> *fcl4££tt£fi-h£-t£Sfcft(£*fte> 
*£tf2jfc$h 3 W*.tfAg • Mg (A 

g : 0 . 1-50 at%) , Al ■ Li (Li : 0. 01 
~ 1 4 at%) , In - Mg (M g : 5 0 — 8 0 at%) , 
Al-Ca (Ca:0. 0 1~2 0at%) <bit 

[0495] ±iast««»it©ff*»i, m^-i£A&+# 

fT*.5-3e»J:«>ff*k1"Htfft<, 0. lnm^±, » 
SL<li0. 5nm^±, 1 nmEt-ti irtHi 4V\, 4 
fc, ^<D±pgffitrii#t$iJI8t±Jtv^^ ilftBilJ¥(4 1 - 
5 0 OnmaSi: SMWi0>±tei4» £<bl-M 

Hon «rfSttTfc.tV\ 
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[0 4 9 6] agbmiioji^ii, m*&A#i*£»« 

L, **H***>MM4#«»8©aSA«r5*ih1-*fc 
ft, -^JW±W(¥$t1-tUiJ:<, »*L<I45 0nmKl 
±, $&fcf41 0 OnmgJLh, 0 0-5 0 0nm<0«& 

10 i:^ofc&Sa s £tt< 3„ 

[0497] «N»m«»4, »*#fc>tfs»«w&»Rfc 
- 1 £fimi-so-e$>mf a i *o 

[0 4 9 8] *«it*l«mtti:SreW:fc^*«>WSi: 
LTI4, #{C$iJP5I4^V^j55, i§#5 0-5 0 OnmgSi: 

[049 9] fc-^&MMWWi. fr-A'SAS^* 
20 — /U&$$4;<aA1-5- £<*>"?t 5 L-<^ 
f±* : §SIS4. 5eV~5. 5eVtf>4&l«a*$J*LV\ Aftffc 

fctt, aK-^IMfc^^A (I TO) . mbY-? 
mc4*sW& (IZO) , SiM^^i'A (In.O 
s ) . B£fc*X (SnO, ) *5J:lfflWk3g» (ZnO) 
©V-f^*r^a^t Lfc t> Li>\, 

flsfctt* ©fMMMttu* *» b L t v *r t> .fc v \ 

I m O, KM-T^SnOz <D%^Vc\t. 1-2 OK* 
%, $P>IC«5~1 2 U^. IZO 
Win! OstC^'SZ nO«ig-g-tfcl4, iift, 12 

30 -3 2ff*%f£ST$>£. 

[0 5 0 0] ^-/wi£AmiSI4, tt*MISS:PS-f5/c 
ft, mt'sV=iy (SiO, ) ^*LTV^Tt><tW 
K{Lv-y=>y (SiO: ) W^**»4, ITOi:«t5 
SiO: OmolJfCO. 5~10%SS^^Lv\ S 

[0 50 1] Jt**0 tai-«©«*»4» *3tft*«f«s 

400-700 nm, »lC«-*3t3t^»i- 
A55 0%«±, #IC6 0%KJI±, *f>ti4 7 0%a±-C 

[0 5 0 2] m*£©J¥£f4, 5 0-5 0 Onm, #(C5 0 
-3 0 0nmO«SH* 5 »* U\, i.fc, ^rO±PII4iSflC»J 

[0 5 03] **W«)*r«E L^I4, «*.tf H 1 1-^ 
Sfi 1 /*-^ftAStt 2 /i«*-/HlA 
50 t§li£g4/Mn W|§7t®5 a /SB 2 WlgTfcii 5 b /«« 
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«?£A«tiS«6/imM3&, »3tJi«r2Jl«±©« 

LfcigftJIi: LTfc iv\ 
10 5 0 4] r*ife<D«S«i«tt % 

§ *K =t 9 . BfflHMftrtfcMR Lfc 

[0505] are-ofttts-rafoggfcfrKiC 

r. He, N, §W^gttif7^i0J U\ i/c, £ 
©*tJk#*©*#^r*tt, i o Oppm «T, i 90* 
L<fil Oppm #tc(iippm HTTfciriW 

0. lppm g^T-fo^) 0 
[0 5 0 6] »Jh«<D^i: LTtt, L < 

[0 5 0 7] m±mt, x-<-D—z®^xmz&mm 
LTia, «ffliif-x % #c-x, tfy^-x, # 
*u\ y— 1±, mk<»m<>itmmx't> 

0 /i m «TSST'$)5 r t ##* L < , -tWTIRttWc 

swan* t<oT'«/«cv^s, a^asi mm&u±vh 40 

[0 5 0 8] fc*s. #Jt«C|H*«r»jjiLfc»*|ctt, 
L^*#££ LTIi, iWIS«5H-CJ:^as, 
[0 5 0 9] ^-|±,.^«)#fihffl«*|[IJif.{cjgA 

■PlCfcttS*^— 0— #*L<tt0. 0 1 
~3 0»ft%, J;l 9 / !? ^ L< , ±0 i-sg^^ 



2001-230082 
348 

[0 5 10] LTIi, 3?«Lfc«#SMC^« 

[0 5 11] **Hfc*jv%T, *T»EL«Jt**^-t- 

i\ &iiSt6fci X.fi, Si, G a A s , ZnSe, Z 
nS, GaP, I n Pfciftfifctf feft, 

li, Mo, A!, Pt, I r, Au, Pd/£^^ffl^5 

[0 5 12] £fe»c, #&WiSf^£, ¥M±lz&BcM'< 
[0 5 13] 3ULK&7 4*fi--Wt&t1tttWtfrSStr 

[0 5 14] fe7^yP^r-Bt|cfi, ^Hx-f^WH 
[0515 J E LX?#fK^ftX&BtfftlRlDl 

j [ 0 5 1 6 ] mm#mm<D x 5 

[0 5 17] *3t«»7-fyU^-B|tt, ELI§3t©7t^ 

[0 5 18] ibfe#i|SH±, **WlC»l*jtft^JR*aJa; 
^ <> <r> Srfflv < , el 8ft& Jt*£Ki|!»s&v ^ i 
fc#B*U\ mSSKIS, "f-fe^/iif^jgLT^J 
o-y? y^k^ . /<y i/^fk^ . .^-^ 

>mt>*tt) -T7?cm m<t&® ■ m&mm<t*m 
[0519] s<jy?- iiy mmz%itzmftL*^ 

*-yUttAm« (I TO, I ZO^) fljrft 
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[0520] ftftiRtmtt, fkmm<D%&&.#& v a 

[0 5 2 1] *»«0*iE LtlHF-14, 9*. EflMMb 

v est sfts, 

[0 5 2 2] 

[0 5 2 3] KMMMl >#7*S«i LX=>--^? 
liSiiSp 1 ^ 7 0 5 9»SSr4 1 ttJ«M«:fflV % "C^^7^ft 

[0 5 2 4] ITO*«riiBtS*lfc»RS:» fttife8k T 

-C, 1 x l 0" 4 PaJ£JlT*-C-«ELfc 0 

[0 5 2 5] M-S i Oi itf>±l-Bf£<£> 

*-/wffiASSr2 0iiB©Btfft*llUfc. -<*>£#©* 
/•Sy^^^liAr : 30 seem, O2 : 5sccnrC\ ^ifi 

(2 5t) T, fiKISU-Hnm/min , Dj^ff^O. 2 
~2Pa, &Att7J5 0 OWi tfc„ riatLfcftfitt©* 
$*-/W&Afli£/i ©*&$»*> SiO... <CAu£4 mo 

[0 5 26] SfeK, «ffi*«ofc**> fh77!;- 
yW^T5^R**i:UT±ie«*<k**N. N. N' , 
N - -y-Yy (3-t7i=!)^) 'O'i/^y (it-a^H 
No. IA-1) iVlV^k*. M^'Mfe: 0. 2nm/ 
sect LT4 0nm©I¥£lc3^U % 2 W&ftS t L 

[0 5 2 7] j&l^T?, 7i=/l'7>'l > 7t^i#iL 

-CTEWft^tt* 3 *»% K-^Ufco 40 
[0 5 2 8] 
[ft 1 4 9 ] 




[0 5 2 9] &^T% «EE«JB*«ofc**. 
^Bt-^U L ijO^RuOi £4 mol%^bfc:^ 50 
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gWt^itUfc. :©t*o^<y?^»Ar : 3 0 
seem, O, : 5scc«-C, £9. (2 5°C) T> «fflftV- b 
lnm/min , Wiftfrt) : 0. 2~2Pa, SA®^ : 5 0 
OWi Lfc„ rtllUfcMtW^ftAJioai*!** 

[0 5 3 0] Sfefc, «ff*«ofc*3U Al£200 
nmW»$lcS«UT|t«1Si U *ftK^5^*t±UT 
#»EL*-?-«r»fc. 
[0 5 3 1] *fc, JfctfciT VT"^ 1 t LT> fgftJf £ A 
1 q3 ^lT*4 0nm<O*$^mbfcflfeli±l5i:R«iw 

X, ±!5«t£*-^&A/lKtt;i'<\ aS*£l-<fc9. # 
*) =f-H-y ^^M^'M&0 ■ lnm/secT'l Onm0M¥£ 
tC^5tLT*->'H£AJi£'^$;U TPD£S£*iia 
0 . 1 nm/seCC 2 0 nmtiOlf £ (C^g* L T A-|fti£® 

*$j*u se>K, ±iE«n«mi L aA«iais^nx.-c, 

S#&l£<t<3, Ml* (8-*/J/7M TA^-* 
A (Alq3) &M?t&£.0. 2 nm/sec i LT3 0 nm<7> 

[0 5 3 2] jDiSWifci: UT, 1 0 OmA/cm (D-&W. 

mz&x%%m&. jWfrw***^*. 

8 0^ra«rtl-j?S^^tfcW^LT*l6BJf-^^ 
yH±. 8 0 0l*ra«±-C?, tU»»S»6 0%«JiSr«o 

[0 5 3 3] <*lftm >H160!1 1 K38^T, iSffiSl© 

EJclgLfc, :©it©7/>'*y?^llAr : 3 0 seem, 
O, : 5sccmT\ ^fi (2 5*0 T, h 1 nm/m 

in . ftfftETjO. 2~2Pa, &A®73 5 0 0Wt L 
fc, )£■ Lfct«*-A«Ai»a*fl« Ge0 2 lCA 
u«r2 mol%^W-f 5t><0T&ofc„ 
[0 5 3 4] *©«H±»6«li:PS]«»CU-C*«EL* 
^■frftfc. »fe*lfc*«EL*^Sr^*fT, 10mA/ 

cm ! <DMmmms.X'mm uz t - wmmt s 8 o 

cd/m S . mmm&e, 9V -Cfoofc. 
[0 5 3 5] Sfc, 4S*ttlCJ:9ffi«8t<&i6*#-A' 
aAScOV-h«StSr«l]^t^tr5, )Sl?100nm-C 
M£*ili l 0 0 Q/cm J X-h 9 , ffi:St^l-^»1" 
5i 1 XI o'Q • cmX'fcofcio 

[0536] <mmm3>Mmmn^"x, &ma<r> 

^OW^SiO,.- , S i 0...5 . GeO..* , S 
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i ... G e t .s 0, 92 t Lfcft&ttHJSfcl 1 fclHMtfCL-C* 

[0 5 3 7] <**«4>H*«i(c*i^T. BiSfetO 
&$6*-A'i£AS<D&JS$\ AuHCu, Fe, N 
i . Ru, Sn, C r, I r, Nb. P t, W, Mo, 

Ta, p d*s£vcowrtit*im£l± s Jfciirti 

<b<omm. mm, mm, fj\m, mtmzR*. 
[0 5 3 8] <mm&}5>mmmi^4iz&^T, 

K, Rb, Cs^XlfFr<DT^V^m7tm, Sfcfi 
Be, Mg, Ca, Sr, B a tait^R a (F>T JJ ± 
a^H7n*« JfclSLa, Ce. Pr, N d , Pm, S 
m, Eu, Gd, Tb, Dy, Ho, Er, Tm. Yb 

[0 5 3 9] Ztz, RutJ^V, Zn, Smfcitfln 

tz. 

[0 5 4 0] <mmm6>mmmnz^^x. mio® 

^^tz^mzRx.x, ±m^^m<onsL<Dit^, *j«t 
vmvmTr^yozm^zmitmmm i tmmiz ltw 
mELm^zmtztzz. mmmi tmmm<omm^* 
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[0 5 4 1] 

[0 5 4 2] Ztz, %3t®^2^^±i:bfc*^t, 
JK#®T'©^^$^LAc*-«lEL^ 
10 SrH^5it^t?#5 0 
[HffiWfflWitttW] 

[01] *5§WW^filEL^W«^j^i-«B&»f S 

[e 2 ] ^*<ow«E Lm*(omi&mz^i-mmmm® 

X'$>Z> 0 

[ei 3 j ft&iDGmE Lm^-(o^<Dm^m^-mmm 
i mm. 

20 2 *-/waA«ffi 

3 mmm 

4 «m*-/waA^s 

5 3§ftJi 
6 



[mi] 




[12] 




13 



15 



*mmsam* 
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[H3] 

~1 



u-r-13 
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